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h i g h l i g h t s
 Efﬁcient treatment of urban wastewater with microalgae.
 Energetic valorization of microalgae biomass.
 Production of biohydrogen through dark fermentation using Enterobacter aerogenes.
 Fermentation kinetics monitored and ﬁtted to a modiﬁed Gompertz model.
 Highest bioH2 production yield (56.8 mL H2/gVS) obtained for Scenedesmus obliquus.a r t i c l e i n f o
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The aim of the present work was the simultaneous treatment of urban wastewater using microalgae and
the energetic valorization of the obtained biomass. Chlorella vulgaris (Cv), Scenedesmus obliquus (Sc) and a
naturally occurring algal Consortium C (ConsC) were grown in an urban wastewater. The nutrient remo-
vals were quite high and the treated water ﬁts the legislation (PT Dec-Lei 236/98) in what concerns the
parameters analysed (N, P, COD). After nutrient depletion the microalgae remained two more weeks in
the photobioreactor (PBR) under nutritional stress conditions, to induce sugar accumulation (22–43%).
The stressed biomass was converted into biohydrogen (bioH2), a clean energy carrier, through dark fer-
mentation by a strain of the bacteria Enterobacter aerogenes. The fermentation kinetics were monitored
and ﬁtted to a modiﬁed Gompertz model. The highest bioH2 production yield was obtained for S. obliquus
(56.8 mL H2/gVS) which was very similar when using the same algae grown in synthetic media.
 2014 Elsevier Ltd. All rights reserved.1. Introduction and feed in a sustainable way using as less freshwater as it canThe modern societies have to face big challenges, such as food
and energy supply, scarcity and security of water, and environ-
ment/climate protection.
The connection between these issues is very strong: (1) the food
and energy (for heat, light, power and transportation) demand is
estimated to double in the 2008–2035 period; (2) the annual global
freshwater demand is expected to grow by about 10–12% per dec-
ade. Agriculture is by far the largest consumer of freshwater –
about 70% of all freshwater withdrawals go to irrigated agriculture
(Oilgae, 2014).
All these challenges and drawbacks of the society so far, must
be supported by an (1) agriculture/algaeculture providing foodbe; (2) intensive wastewater treatment and/or desalination of
brackish and salt water; (3) production, as much as possible, of bio-
energy and biofuels using economically and environmentally more
sustainable renewable energy sources. Avoiding the use of fossil
fuels can also limit the global warming and climate change.
Microalgae biotechnology can contribute to solve these main
key challenges.
The wastewater treatment using microalgae offers some inter-
esting advantages over conventional methods, such as low energy
requirement (no need of agitation to oxygenate) (Oswald, 2003),
Green House Gas emission reduction (the entire system is carbon
negative), reduction of sludge formation (no use of hazardous
chemicals), lower costs and all in parallel with the production of
useful algal biomass. The biomass produced by nutrient remedia-
tion from the wastewater is energy rich and can be further pro-
cessed to make biofuels or other valuable products such as
